On 20 September 1999, the M s 7.6 Chi-Chi earthquake ruptured the Chelungpu fault in central Taiwan. After the earthquake, several boreholes of different depths were drilled. Those boreholes penetrated the fault plane. The physical (mechanical, thermal, hydraulic, electric, and magnetic) parameters were measured either on the core samples or through well-loggings. Results are significant for studies of the Chelungpu fault. However, the measured results are published in different articles and reports. It is not convenient for the earth scientists to take advantage of those results. Hence, those results are compiled and described in this paper. In addition, the correlations among a few parameters are also reported.
INTRODUCTION
On 20 September 1999, the M s 7.6 Chi-Chi earthquake ruptured the Chelungpu fault, which is a ~100-km-long and east-dipping thrust fault, with a dip angle of ~30°, in central Taiwan (Ma et al. 1999; Shin and Teng 2001) . The epicenter, fault trace, and the fault plane are displayed in Fig. 1 . Mori et al. (2002) noted that fault drillings could resolve some significant seismological issues. After the earthquake, several boreholes of different depths were drilled. Through a joint Taiwan-Japan cooperative project, in 2001 two shallow boreholes near the northern and southern segments of the Chelungpu fault were drilled (cf. Huang et al. 2002; Tanaka et al. 2002) . The locations are depicted by "Northern Hole" and "Southern Hole" in Fig. 1 . The northern hole, which was located at Fengyuan, consisted of two linked holes: BH-1 from 0 to 293.4 m and BH-1A from 208 to 455.35 m. There was an overlap of 85.4 m between the two holes. The depth of the southern hole was 211.9 m. The distances from the northern and southern drilling sites to the fault trace are 500 and 250 m, respectively. Huang et al. (2002) observed that the northern hole consists of three major stratigraphic units: Yutenping sandstone, Chinshui shale, and terrace deposits; while the southern hole has three major stratigraphic units: the Toukoshan Formation, Chinshui shale, and terrace deposits. They found that the two holes encountered the fault plane of the Chi-Chi earthquake and also recognized two possible fracture zones in the northern and southern boreholes at 225 -330 and 177 -180 m, respectively. Detailed description of cores can be found in Huang et al. (2002) and Tanaka et al. (2002) . The main results observed by several authors (Otsuki et al. 2001; Huang et al. 2002; Tanaka et al. 2002; and Tanikawa et al. 2004 ) are (1) for the northern borehole: (a) a random fabric breccia distribution of several tens of centimeters thick; (b) the presence of a fault gouge of 0.5 -2 cm thick; (c) intrusion of soft clay into layers of fault breccia; and (2) for the southern site, (a) the existence of foliated fault breccia with ultracataclasites and pseudotachylites and (b) a lack of any injection structure. Geophysical well-loggings were also made at the two shallow holes (see Tanaka et al. 2002) .
To investigate the physical and chemical properties of the fault zone, the Taiwan Chelungpu-fault Drilling Project (TCDP) was launched in 2004 . Two deep holes (denoted as Hole-A and Hole-B, respectively, hereafter) cutting through the fault plane were drilled in 2005 ( From the core samples of Hole-A, Hung et al. (2007) and Yeh et al. (2007) identified a total of 10 -12 faults zones. The shallowest fault zone at depths 1110.37 -1111.29 m is considered to be associated with the 1999 Chi-Chi earthquake based on the following characteristics: (1) a beddingparallel thrust fault with a dip of 20 -30° and a dip direction of 105°; (2) low resistivity; (3) low density, P-wave velocity, and S-wave velocity; (4) high Poisson ratio; (5) low energy and velocity anisotropy; (6) increasing gas (CO 2 and CH 4 ) emissions; and (7) rich in smectite within the slip zone. This fault zone is denoted as the FZA1111.
Continuous core samples were taken at the two deep holes. Several authors (e.g., Kuo et al. 2005 Kuo et al. , 2009 ; Hung Sone et al. 2007; Song et al. 2007b; Yeh et al. 2007; Wu et al. 2008) analyzed the clay minerals of the core samples (smectite, illite, kaolinite, chlorite, and pseudotachylites), and also described lithology, characteristics and structures of the fault zone in detail. Fault breccia and a gouge, with an increase in the degree of fracturing from top to bottom, were found within the Chinsui shale at depths of 1105 -1115 m. According to the presence of an ultrafine grained fault gouge and a large fracture density, called a 12-cm thick zone at depths of 1111.23 -1111.35 m the primary slip zone (PSZ). The traced fissures of PSZ are shown in Fig. 3 . The PSZ consists of several slip sub-zones associated with repeated past events. Each slip sub-zone has a thickness of about 2 -3 cm, with 5-mm thick ultra-fine grains at the bottom. Hung et al. (2007) found that the PSZ has low seismic velocities and low electric resistivity. In addition, the thickness of the slip zone equivalent to the PSZ found at nearby sites is 50 -300 micron on the fault surface near the drilled site and 7 mm at a depth of 330 m in a shallow hole. Therefore, the thickness of the PSZ increases more or less with depth, at least, in the topmost 2 km. The bottom 2-cm thick sub-zone, which is least deformed, was named as the major slip zone (MSZ) and regarded as the actual slip zone of this earthquake by Ma et al. (2006) .
The core samples obtained from the PSZ were analyzed in detail. Several authors (Kuo et al. 2005; Sone et al. 2007; Song et al. 2007b; and Kuo et al. 2009 ) observed numerous slip sub-zones within the PSZ and black materials at a depth of 1111.29 -1111.35 m. Using the X-Ray Diffraction (XRD) method, Song et al. (2007b) found that: (1) smectite traces are rare or absent in the most part of the slip sub-zones, but rich in the 1111.29-m black materials; (2) the contents of other clay minerals (illite, chlorite, and kaolinite) are rich, yet decrease to zero in black materials; and (3) kaolinite is absent at two narrow depths of the 1111-m slip sub-zones. They inferred that smectite was not retrograded from illite and might be devitrified from glasses, because of a lack of a smectite-illite mixed layer. They also assumed that clay minerals in the PSZ could be resulted from devitrification of pseudotachylytes. It is consistent with glass which is identified by Transmission Electron Microscopy (TEM) in the black layer of the 1111-m zone. From the XRD method, Ma et al. (2006) observed that the minerals in the MSZ are composed of about 70% of quartz, 5% of feldspar, and 25% of clay minerals. There is a significant difference in the depth distribution of clay minerals in the PSZ.
Geophysical well-loggings were performed from 944 to 1866 m at Hole-A to measure the P-and S-wave velocities, density, gamma ray, electrical resistivity, and temperature ). In addition, laboratory experiments were also done on the core samples obtained from this hole to measure the mechanical, thermal, hydraulic, and electric and magnetic parameters. Based on seismic velocities well-logged by Hung et al. (2007) , porosity and permeabil-ity measured in laboratory settings by Dong et al. (2010) , and density measured in laboratory settings by Hsu (2007) , Wang et al. (2009) studied the depth variations of several parameters (including P-and S-wave velocities, ratio of Pto S-wave velocities, porosity, and permeability) and the correlations between P-and S-wave velocities and between seismic velocities and porosity. In addition, they also evaluated the bulk and shear modulus. The depth variations in seismic velocities, density, porosity, permeability, gamma ray, electrical resistivity etc. can represent not only the general trend of lithology but also its finer differentiations. Wu et al. (2008) conducted core-log integration studies of lithology at Hole-A. In addition, Yabe et al. (2008) measured in-situ stresses at Hole-A. Their main results are: (1) the direction of the maximum compression, S Hmax , is parallel to the slip of the Chi-Chi earthquake and agrees with those of local and regional tectonics; (2) significant aspects of the stresses are identical to those of paleostresses; (3) the horizontal differential stresses were remarkably reduced just above the FZ1111.
At Hole-B, Hirono et al. (2007b) recognized three fault zones, i.e., FZB1136 (1134 -1137 m), FZB1194 (1194 -1197 m), and FZB1243 (1242 -1244 . The FZB1136 which is equivalent to the FZA1111 at Hole-A has been regarded as the fault zone associated with the 1999 Chi-Chi earthquake. Hirono et al. (2006a Hirono et al. ( , b, 2007b ) made nondestructive physical property measurements, including GRA wet-bulk density, magnetic susceptibility, natural gamma ray, porosity, and discrete density. They also correlated those measurements to lithology. Matsubayashi et al. (2005) measured thermal conductivity on the core samples obtained in two depth ranges. Mizoguchi et al. (2008) measured the friction coefficients on the core samples using the gas-medium, high-pressure and high-temperature tri-axial apparatus. Lin et al. (2008) applied the time domain reflectometry (TDR) technique to measure the volumetric water content which is defined as the pore-water volume divided by the total volume of a rock sample, for core samples in the depth range 950 -1350 m.
Clearly, the borings succeeded in measuring and thus characterizing in-situ rock properties and around the fault zone after the earthquake. Detailed analyses of physical parameters, including mechanical, thermal, hydraulic, electric, and magnetic parameters, measured either on the core samples or through well-loggings will help us to quantitatively investigate some seismological issues as addressed by Mori et al. (2002) . However, results have been published in different articles and reports. It is not convenient for earth scientists who are interested in and/or have to use those data sets. In this work, the measured results of physical properties at the shallow and deep holes are compiled together and reviewed. In addition, the correlations between a few physical parameters will also be reported. Note that chemical properties are out of the scope of this study.
PHYSICAL PROPERTIES
The measured results of physical parameters will be described below and summarized in Table 1 . In the following, the depth from the ground surface is denoted by z. 
The Primary Slip Zone
From field observations, a slip in an earthquake is considered to be localized and occurs primarily within a thin shear zone, < 0.001 -0.005 m (e.g., Chester and Chester 1998; Chester et al. 1993; Sibson 2003; Rice 2006) . Each slip sub-zone in the core samples at Hole-A has a thickness of about 0.02 -0.03 m, with 0.005-m thick ultra-fine grains at the bottom. Ma et al. (2006) found a narrow slip zone of ~0.003 m inside the MSZ. In Fig. 3 , the fissures in the bottom 0.001 m show a linear pattern. The pattern of fissures becomes complex from bottom to top.
Mechanical Parameters

Fault Geometry
At the shallow holes, Huang et al. (2002) recognized two possible fracture zones which are at 225 -330 and 177 -180 m, respectively, in the northern and southern boreholes. The dip angles Hung et al. (2007) and Yeh et al. (2007) recognized 10 -12 fault zones at deep Hole-A from the core samples and measured their dips FMI (or FMS) logs. At the FZA1111, the average dip is 20 -30° towards the SE and the dip direction is 105°. The dip angle, slip vector, and displacement, D, on a 5 × 5 km 2 subfault covering the FZA1111 inferred by Ma et al. (2001) from earthquake data are, respectively, 20°, 66°, and 12 m. Since the value of D = 12 m is an average displacement over the subfault, it becomes problematic to take it to be the slip displacement of the drill site. From the surface displacements measured at several locations near the drill site retrieved from field surveys (CGS 1999), the average displacement is 4.24 m. Results seem to suggest that the grain size is smaller inside than outside the MSZ.
Grain Size
Friction Coefficient, Characteristic Slip Displacement, and Elastic Modulus
For the two shallow holes, Mori (2004) estimated the friction coefficient, μ f , on the individual fault planes. Results are 0.7 -1.0, with an average 0.85, at z = 182 m in the southern hole and 0.1 -0.2, with an average 0.15, at z = 320 m at the northern hole. The average value for the two holes is 0.45. From the spatial distribution of temperature, Tanaka et al. (2006) proposed that during faulting there were two slip subzones at the northern hole. They also evaluated the values of μ f : 0.13 for the upper subzone and 0.12 for the lower subzone.
At Hole-A, the values of μ f measured by Lockner et al. (2005 Lockner et al. ( , 2007 from the core samples are 0.5 -0.7 in the PSZ, with the smallest in the MSZ. Sone et al. (2005) inferred that μ f dropped from 1 to 0.35 during the earthquake. From the spatial distribution of temperature rise, Kano et al. (2006) inferred that the optimum value of μ f is 0.08 during faulting. At Hole-B, Hirono et al. (2007b) inferred that during the earthquake the dynamic shear stress was deduced to be 1.31 MPa and thus μ f = 0.04 or 0.05 under two different stress conditions. Mizoguchi et al. (2008) found μ f = 0.3 for the black gouge zone (BGZ) and μ f = 0.5 for un-deformed host rocks at FZB1136. Obviously, μ f is not a function of depth. Tanaka et al. (2002) and Tanikawa The measured values are 13.7 ± 0.2 GPa. However, they did not clearly explain which kind of elastic modulus was made. From the stress memory of rocks revealed at five depths from 739 to 1316 m), Yabe et al. (2008) measured the Young modulus. Results are between 7 and 13 GPa.
Seismic Velocities
Seismic velocities (P-and S-wave velocities, denoted by v p and v s , respectively, hereafter) are two major parameters representing mechanical properties of subsurface geological structures. The two parameters are in terms of bulk modulus, K, shear modulus, μ, and density, t, in the individual forms: v K 4 3 p 1 2 n t = + h 6 @ and vs 1 2 n t =^h . The ratio of P-to S-wave velocities is directly related to the Poisson ratio, y, which equals . Fig. 4a . The depth range of the PSZ is displayed by two vertical dotted lines.
To clearly display detailed information near the PSZ, the variations of v p , v s , and v p /v s in the depth range of 1110 -1112 m Wang et al. 2009 ) are plotted as a function of depth (Fig. 4b) 
Equation (4) is shown by a solid line in the depth range 494 -1707 m in the lower diagram of Fig. 4a . Hsu (2007) measured the values of v p and v s under an atmosphere pressure on the discrete rock samples from which the value of v p /v s are calculated. Table 3 . The plots of the two kinds of values are displayed in Fig. 5 : Fig. 5a for v p , Fig. 5b for v s , and Fig. 5c for v p /v s . Obviously, for given data well-logged v p is larger than laboratory v p for all rock samples. Except for two rock samples, the difference between well-logged v s and laboratory-measured v s is small. Except for one rock sample, well-logged v p /v s is larger than laboratory v p /v s , and the difference is small for four rock samples. Oku et al. (2007) 
Density
At two shallow holes, Tanaka et al. (2002) well-logged density values using the gamma ray attenuation (GRA) method. This kind of density is denoted by GRA t . Results are GRA t < 3000 kg m -3 at northern hole and GRA t = 1500 -3000 kg m -3 at the southern hole. At the northern shallow hole, Tanaka et al. (2006) Table 4 . The plot of GRA t versus ds t is shown in Fig. 5d . The data points for sandstone depart slightly from the bisection line, while those for silty-shale are around the line. Wang et al. (2009) t should be more accurate than that of GRA t , because the former was measured directly from the discrete rock sample and the latter inferred from gamma ray attenuation through an empirical formula. Tanaka et al. (2007) applied a He-gas type pycnometer (Accupic 1330, Micrometrics TM ) to and (2.5 -2.7) × 10 3 kg m -3 , respectively, outside and inside the BGZ at the FZB1194; (2.1 -2.7) × 10 3 and (2.2 -2.5) × 10 3 kg m -3 , respectively, outside and inside the BGZ at the FZB1143. The results at Holes A and B presented show that the density is not clearly dependent upon the depth.
Essentially, the density values of rocks measured using different methodologies are different. Hung et al. (2007) applied the Triple-detector Lithological Density Log (TDL) to measure the in-situ formation density (containing pore fluids) with a vertical resolution of 5 cm and within the error of 0.01 g cm -3 . The density value has been corrected with borehole size (caliper) and mud cake. The photoelectrical factor was also considered to differentiate if an abnormal density value is caused by mud infiltration or minerals inside the formation. Hsu (2007) measured the density value from the weight and volume of dry core samples. Hirono et al. (2007b) applied a similar methodology in well loggings as Hung et al. (2007) except that their samples have no mud and are essentially dry. So, the three types of measurements are different either in methodology or environmental condition. Thereby, the resolution and the value will be different in the three methods.
Hydraulic Parameters
The presence of fluids (mainly water) in rocks can weaken the strength of rocks. Chen et al. (2005) observed ~32% reduction in the strength of the saturated samples of TCDP cores relative to the corresponding dry samples. Water content is a basic indication presenting the existence of fluids. The flow of fluids in and mechanical properties of rocks are controlled by the effective pressure, p e , and two parameters, i.e., porosity (φ) and permeability (ĸ). The effective pressure, p e , is equal to p c -p w where p c and p w are, respectively, the confining and pore fluid pressures. Since φ and ĸ are dependent on p e , they are usually measured in a laboratory at different values of p e . Hydraulic diffusivity, D h (in the unit of m 2 s -1 ), is the main factor in controlling fluid pressure and thus affecting effective normal stress, which influences earthquake rupture, during faulting. Assuming a quasi-permanent radial flow inside an aquifer tapped by the leakage of fluids in the casing, the flow through the leak is proportional to the transmissivity T s (in the unit of m 2 s -1 ) of the surrounding formation. T s relates to D h in the following equation: T s = D h × S where S is the storativity which is a dimensionless parameter. T s is positively proportional to ĸ. Meanwhile, some other authors measured the specific storage, S s , whose unit is Pa -1 .
Shallow Holes
For the shallow holes, the main results measured by several authors (Otsuki et al. 2001; Huang et al. 2002; Tanaka et al. 2002; and Tanikawa et al. 2004 ) are: (1) at the northern borehole: ĸ = 10 -16 -10 -19 m 2 for fault gouge at effective pressures up to 100 MPa and a water content up to 45 vol%; and (2) at the southern one: ĸ = 10 -14 -10 -17 m 2 for the matrix of conglomerates and foliated cataclasites at effective pressures up to 100 MPa.
Deep Holes
At Hole-A, Hung et al. (2007) and Yeh et al. (2007) only quantitatively denoted the water content by using one of the following words: "high", "medium", "low", "few", and "no". At Hole-B, Matsubayashi et al. (2005) measured the water content in the depth ranges from 1142 to 1170 m and from 1200 to 1235 m. Their measured values are (15 -26)%. Lin et al. (2008) applied the time domain reflectometry (TDR) technique, with an error of ±1%, to measure the volumetric water content which is defined as the pore-water volume divided by the total volume of a rock sample at Hole-B. The volumetric water content has a good correlation with the lithology. The measured values are between 2% and 30%. The volumetric water content shows an abnormal peak in the three fault zones, with the maximum value in the FZB1136 where the volumetric water content is 30% in the black and gray gouge zones and 20% in the breccia zone. The maximum volumetric water contents in the FZB1194 and FZB1243 are almost the same and both lower by 5% than that in the FZB1136.
From a pumping test done between Hole-A and Hole-B over three months started from 18 November 2005 about 6 years after the earthquake, Doan et al. (2006) Table 4 . Among the ten samples, three for sandstones, seven for silty-shale. The permeability of sample R316sec1 at z = 1028.43 m and the porosity of sample R255sec2-2 at z = 902.68 m are not measured.
On the basis of the power-law functions inferred by Dong et al. (2010) , Wang et al. (2009) calculated the values of φ and ĸ at various depths from p e which changes from 0.3 MPa to an upper bound. This upper bound is taken to be gz t where g is the gravity acceleration and z is the depth at which the sample was located. The average density (= 2.47 × 10 3 kg m -3 ) for all samples was used by Wang et al. (2009) to evaluate the upper bound confining pressure. Since the confining pressure p c is the lithostatic pressure at the drilled site, p c = gz t where t‚ is the density of rocks. The pore fluid pressure is p w = gz w t , where w t is the density of pore fluids, and can be written as gz ct , where c is the pore-fluid factor (cf. Sibson 1992) . At shallow depths, where the fluid gradient is hydrostatic, c is the ratio of fluid to rock density, typically ~0.4. At depths, where the fluid pressure may become suprahydrostatic, c is larger than 0.4. The effective pressure can be re-written as p e = (1 -c) gz t . It is significant to study the values of φ and ĸ at the hydrostatic state with p w = 0.4p c and thus p e = 0.6p c = 0.6 gh t due to c = 0.4. In Fig. 6 , for a certain rock sample the calculated values of φ and ĸ in the confining pressure range in use are displayed by a horizontal line segment with short line segments at two ends. The values of the two parameters at the hydrostatic state are denoted by a solid symbol: a circle for sandstone and a square for silty-shale. Also plotted in Fig. 6 are the values of φ and ĸ obtained by others. In Fig. 6a , the rectangle with number '4' displays the range of measured values of φ in the depth range 1000 -1300 m from Tanaka et al. (2007) . In Fig. 6b , an open circle denotes the value of ĸ for bioturbated sandstone from Chen et al. (2005) and a rectangle with number '1' displays the range of measured values of ĸ in the depth range 0 -455.35 m from Tanikawa et al. (2004) .
The values of φ well-logged by Tanaka et al. (2007) distribute in a large range from 0.06 to 0.42. This is due to the abnormally high values of φ in the fracture zones. Figure 6 shows that φ and ĸ are in general higher for sandstone than for silty-shale and shale siltstone. Figure 6a shows that for silty-shale and shaly siltstone, φ slightly increases with depth, while for sandstone φ is almost a constant. A comparison between Figs. 6a and b shows that the depth variation for silty-shale is higher for permeability than for porosity.
From the laboratory results for 18 samples from 482 to 1316 m at Hole-A, Takahashi et al. (2005) observed that ĸ decreases logarithmically with increasing p e when p e is from 10 to 30 MPa. However, they took all data into account, ignoring the behavior of individual rock types. Manning and Ingebritsen (1999) proposed a quasi-exponential decay of permeability with depth in the form: log(ĸ) = -14.0 -3.2 × log(z). However, this equation which is displayed by a solid line in Fig. 6b cannot interpret the observations. Wang et al. (2009) used the two equations: log(ĸ) = -13.0 -3.2 × log(z) and log(ĸ) = -18.0 -3.2 × log(z) to describe the data points calculated from the power-law functions inferred by Dong et al. (2010) . The two equations are shown by dashed and dashed-dotted lines, respectively, in Fig. 6b . The dashed line could somewhat describe the data points for sandstone, and the dashed-dotted line seems able to describe the data points for silty-shale and shaly siltstone. From experimental results, Lockner et al. (2007) proposed log(ĸ) ~ p e -0.074 (6.5 MPa < p e < 16.0 MPa). As mentioned in Lockner et al. (2007) , there is no monotonously increasing or decreasing depth-function of log(ĸ). Hirono et al. (2007b) measured, with accuracy of 0.1%, the porosity inside the FZB1136 in the depth range 1134 -1137 m at Hole-B. Their results are > 30% and ~10% inside and outside this zone, respectively.
Thermal Parameters
The main thermal parameters include the temperature (T in °C), temperature rise (ΔT in °C), thermal gradient (in °C km -1 ), thermal conductivity (ĸ in J kg -1 s -1 °C -1 ), thermal diffusivity (α in m 2 s -1 ), and specific heat (C v in J kg -1 °C -1 ). The specific heat, C v , is defined to be ĸ/ta.
Shallow Holes
In the two shallow holes, Mori (2004) measured ΔT about 1.4 years after the earthquake. The peak values of ΔT on the fault plane are 0.5 and 0.1°C, respectively, in the southern and northern holes. ΔT decreases with increasing distance from the fault plane as described by a 1-D conduction equation (Officer 1974) . According to the spatial distribution of ΔT, Mori (2004) inferred the values ĸ and α. His results are ĸ = 1.14 × 10 3 J kg -1 s -1 °C -1 and α = 2.0 × 10 -6 m 2 s -1 for the northern hole and ĸ = 1.14 × 10 3 J kg -1 s -1 °C -1 and α = 5.0 × 10 -7 m 2 s -1 for the southern hole. Tanaka et al. (2006) used the HOT DISK system to measure α from 57 data obtained from the materials at different depths around the slip zone and took the average, i.e., , to be the representative thermal diffusivity of the slip zone, because they assumed that the thickness of the slip zone is narrow. They evaluated the value of c from the spatial distribution of ΔT on the basis of the values of α and t. The average of C v is 326 ± 42 J kg -1 °C -1 . Meanwhile, the thermal gradient measured from the spatial distribution of T by them is 5 -6 °C km -1 .
Deep Holes
Kano et al. (2006) conducted temperature measurements, with a resolution of 0.003 °C, at Hole-A, in September 2005 six years after the earthquake. They obtained a spatial distribution of ΔT between -60 and +60 m with respect to the fault plane. The maximum value of ΔT and the ambient temperature on the fault plane are 0.06 and 46.5°C, respectively. Kano et al. (2006) inferred the values of c and α from the spatial distribution of ΔT. The optimum values are C v = 1.7 × 10 3 J kg -1 °C -1 and α = 0.34 × 10 -6 m 2 s -1 . They also obtained ĸ = 1.3 J kg -1 s -1 °C -1 . From the core samples of Hole-A, Tanaka et al. (2007) used the Transient Plane Source (TPS) technique to measure ĸ and α of host and fault-zone rocks. The measurement error is < 3% for ĸ Hung et al. (2007) found that the thermal gradient was 9 °C km -1 in the former and 7 °C km -1 in the latter. Matsubayashi et al. (2005) measured the values of ĸ for unfractured rocks in two depth ranges from 1142 to 1170 m and from 1200 to 1235 m at Hole-B. The measured values are (2.2 -3.7) × 10 3 J kg -1 s -1 °C -1 . Hung et al. (2007) measured the electric resistivity in the depth range 500 -1750 m at Hole-A. The values are 10 -30 ohm-m, and there is no clear correlation between electric resistivity and depth. Overall, the electric resistivity is higher for sandstone than for shale. The electric resistivity is lower inside than outside the fault zone. The FZA1111 has the lowest electric resistivity than other fault zones.
Electric and Magnetic Parameters
Magnetic susceptibility represents the degree to which materials can be magnetized by an external magnetic field (H)(cf. Purcell 1968) . Let M be the magnetization of the material (the magnetic dipole moment per unit volume). The volume magnetic susceptibility, represented by the symbol X vol , is defined by the relationship: M = X vol H, where X vol is the volume magnetic susceptibility. In SI units, M and H are both measured in amperes per meter, and thus X vol is dimensionless. There are two other measures of susceptibility: the mass magnetic susceptibility (X mass ), measured in m 3 kg -1 (in SI), and the molar magnetic susceptibility (X mol ), measured in m 3 mol -1 (in SI). Let t and m be, respectively, the density in kg m -3 and the molar mass in kg mol -1 . The conversion formulae between any two quantities are: X mass = X vol /t and X mol = mX mass = mX vol /t. Hirono et al. (2006a Hirono et al. ( , 2007b -5 SI for the Kueichulin Formation. They assumed that temperature rise of more than 450°C due to frictional heating could be responsible for high magnetic susceptibility in the BGZ. Tanikawa et al. (2008) measured bulk magnetic susceptibility of the crushed silt from the 1134 m of Hole-B after heating test in the temperature range from room temperature (denoted by 0°C in the figures of their papers) to 900°C. They found that bulk magnetic susceptibility increases with temperature and the values are in the range of (10 -500) × 10 -8 m 3 kg -1 . From the HVR tests using the high-speed rotary-shear testing apparatus made by Shimamoto and Tsutsumi (1994) , they also observed that magnetic susceptibility is increased after the HVR testing and proportional to the normal stress and slip displacement. Wang et al. (2009) studied the correlations between physical parameters measured from well-logging and/or laboratory experiments. The details can be found in their article, and only the results are given below.
SOME CORRELATIONS BETWEEN PHYSICAL PARAMETERS
Correlation between v s and v p
From well-logged data, Wang et al. (2009) (Castagna et al. 1985) and from the empirical equation: v s = 0.7858 -1.2344v p + 0.7949v p 2 -0.1238v p 3 + 0.0064v p 4 (Brocher 2005) . 
Correlations between Seismic Velocities and Porosity
for the S-waves. Wang et al. (2009) 
The calculations of the averages of v p and v s as mentioned above are dominated by the velocities of wall rocks, because there are only few logged data in the 12-cm narrow PSZ. The porosity and degree of fractures where fluids could exist is usually smaller in the fault rocks than in the wall rocks. This would make the pore fluid pressure p w be higher in the former than in the latter.
In spite of rock types, seismic velocities remarkably decrease from silty-shale to sandstone. Equations (6) and (7) show that v p and v s both decrease with increasing φ. For 18 rock samples, Kitamura et al. (2005) observed a decrease of seismic velocity from siltstone to sandstone at low pore fluid pressure. From laboratory experiments for different rocks, Castagna et al. (1985) observed a decrease in v p as well as v s with increasing φ. They also constructed the relationships between seismic velocities and porosity. Equations (6) and (7) are close to the relationships for elastic silicate obtained by Castagna et al. (1985) : v p = 5.81 -9.42φ and v s = 3.89 -7.07φ. Equations (6) and (7) show that a small difference in the decreasing rates of velocity versus porosity for v p and v s . This indicates that a change of porosity can make a similar effect on both v p and v s . It is noted that the standard error of the decreasing rate is higher for v p than for v s . The two equations also lead to that the seismic velocities for dry rocks with φ = 0 are v p = 4.49 km s -1 and v s = 2.42 km s -1 . This gives v p /v s = 1.85 when φ = 0. From the values of v p and v s inside the PSZ as mentioned above, the values of φ can be calculated from Eqs. (6) and (7). Results are 0.48 from v p and 0.44 from v s . The value calculated from v p is 0.04 higher than that from v s . These computed values are higher than the lower bound of φ = 0.30 of the fault zone measured by Hirono et al. (2007b) . This indicates that the porosity of the fault zone seems unable to be evaluated from the relationships between seismic velocities versus porosity for wall rocks.
Inserting Eq. (6) (8) is able to describe the data points.
7. The values of φ and ĸ are larger for sandstone than for silty-shale and shaly silt-sandstone. 8. For silty-shale and shaly silt-sandstone, the porosity slightly increases with depth, while for sandstone it is almost constant in the study depth range. 9. A one-variable polynomial function can interpret the depth dependence of permeability. However, such depth functions are different for sandstone and silty-shale. 10. Both v p and v s linearly decrease with increasing φ. The effects on v p and v s caused by a change of φ are almost similar. The ratio of v p to v s slightly increases with φ. 11. Density decreases with increasing porosity. 12. Magnetic susceptibility is abnormally high and electric resistivity is low inside the slip zone. 13. The bulk and shear modulus at the dry condition are 40.89 and 19.18 GPa, respectively.
